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WATER RESOURCES OF THE HEBER-KAMAS-PARK CITY AREA
NORTH-CENTRAL UTAH

by

C. H. Baker, Jr., Hydrologist
U. S. Geological Survey

ABSTRACT

The Heber-Kamas-Park City area encompasses about 810 square miles in Wasatch and
Summit Counties, in north-central Utah, and includes four mountain valleys—Heber Valley,
Rhodes Valley, Parleys Park, and Round Valley—with most of the surrounding watersheds.
Parleys Park and most of Rhodes Valley are in the Weber River drainage basin; Heber and Round
Valleys are in the Provo River drainage basin,

The Provo River rises in the southwestern Uinta Mountains and flows to Utah Lake, At
Deer Creek Dam, on the boundary of the study area, the average annual discharge of the Provo
River for the 14-year period 1953-67 was 256,300 acre-feet per year; an additional 33,900
acre-feet per year (average) was diverted for use outside the drainage basin. An average of 68,000
acre-feet of water per year is added to the Provo River by diversion from other drainage basins.

The Weber River has its headwaters in the northwestern Uinta Mountains, and flows to
Great Salt Lake, The average discharge of the Weber River below Wanship Dam near the north
end of the study area, for the 10-year period 1957-67, was 110,000 acre-feet per year. During
that period, an average of 50,600 acre-feet per year was diverted from the drainage basin above
Wanship Dam. The surface-water discharge from Parieys Park enters the Weber River below
Wanship Dam through East Canyon Creek and Silver Creek; the discharge from Parleys Park
averages about 20,000 acre-feet per year.

The consolidated rocks of the Wasatch Range and Uinta Mountains contain large
guantities of ground water, mostly in fractures and solution openings, and numerous springs
discharge water from the consolidated rocks. Despite the abundance of springs and the fact that
mine workings in the Wasatch Range tap large fiows of ground water, most wells yield only small
supplies of water from ihe consolidated rocks. The primary permeability of the rocks is low, and
wells can produce large yields only if they intersect fractures and solution openings.

Consideration of the water budget for Deer Creek Reservoir, astride the Charleston thrust
fault, indicates that there is no net loss of water from the reservoir through the fault. An
unbalance of about 17,000 acre-feet of water per year in the water budget for the valley fill in
Heber Valley, however, may represent outflow from the valley through the consolidated rocks.

Most of the wells in the area derive water from the unconsolidated alluvial fill in the four
valleys. The valley fill consists of a poorly sorted mixture of rock material ranging in size from
clay through boulders. There is no evidence to suggest the presence of zones of either very high
or very low permeability in any of the valleys; and the valley fill in all the valleys is saturated,

generally to within a few feet of the land surface, mostly with unconfined ground water.

Geophysical studies indicate that the valiey fill may be as much as 800 feet thick in the
deepest parts of Heber Valley and more than 300 feet thick in most of Rhodes Valley. Rocks of
Tertiary and Quaternary age are more than 1,600 feet thick in the northern part of Rhodes




INTRODUCTION

This report on the water resources of the Heber-Kamas-Park City area was prepared by
the U. S. Geological Survey in cooperation with the Utah Department of Natural Resources,
Division of Water Rights. The primary purpose of the report is to provide the Division of Water
Rights with the basic hydrologic information needed for the effective administration of water
rights in the area.

The study on which this report is based was an overall evaluation of the water resources
of the Heber-Kamas-Park City area, and it was made during the period July 1966-December
1968. Principal emphasis in the study was on ground-water resources, because the surface water
of the area is fully appropriated, and water for expanded future needs will have to be derived
from ground-water sources. The primary purposes of the study were to determine the guantity
and quality of ground water available in the area, to determine the relation of ground water to
surface water in the area, and to estimate the effects of increased ground-water withdrawals on
streamflow from the area.

This report describes the general surface-water hydrology of the study area, evaluates the
quantity and guality of ground water available from the several aquifers, and discusses the
relationship of ground water to surface water in the area. The basic data on which the
interpretations and conclusions in this report are based are included in tables 3-7 in the appendix;
the data consist of selected data available for the period prior to July 1966 and of field data
gathered from July 1866 to September 1968.

A short report by D. L. Peterson, describing the results of geophysical studies in part of
the project area, is included in the appendix.

Description of the area

The Heber-Kamas-Park City area lies between the Uinta Mountains and the Wasatch
Range in Summit and Wasatch Counties, north-central Utah (fig. 1). It includes four mountain
valleys—Heber Valley, Rhodes Valley, Parleys Park, and Round Valley—and most of the
surrounding drainage area. Although the study area includes about 810 sguare miles, this study
was most concerned with the availability of water in the four valleys (tota! area about 140 square
miles), for it is in the valleys that the population is concentrated and the demand for water is
greatest.

About B7 percent of the estimated 8,650 people (1960 census) in the area live in the 16
communities in the valieys, but most of the population are directly or indirectly dependent on
agriculture for their livelihood. Dairy farming is the principal source of income in the region,
followed by the raising of sheep and beef cattle. The mountains surrounding the valleys furnish
summer pasture for livestock, and the irrigated land in the valleys supplies the necessary winter
feed. Park City was once the center of a major lead- and silver-mining district, but only two mines
in the area were being worked in 1968. Recreational development (for skiing, fishing, and the
like) is an increasing contributor to the economy of the area.

The area is approximately bisected by a drainage divide; the northern part, including
Parleys Park and most of Rhodes Valley, is drained by the Weber River, and the southern part,
including Heber Valley and Round Valley, is drained by the Provo River. These major streams
-both have their beginnings in the western Uinta Mountains, and both are part of the Great Basin
drainage system; the Weber flows north and west to Great Salt Lake, and the Provo flows south
and west to Utah Lake.
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per year. The difference, an average of 1,600 acre-feet per year, plus any diversions from Beaver
Creek, is the conveyance loss of the canal.

The discharge of Beaver Creek is not measured, but the creek enters the Weber River
between the stations near Oakley (site 2, fig. 5} and near Peoa (site 4, fig. 5). No other perennial
tributaries enter this reach of the river, although the Weber-Provo diversion is taken out: the
difference in average discharge at the two stations, adjusted for the canal diversion, should
therefore approximate the average discharge of Beaver Creek. Although the average discharge of
the Weber River near Oakley for the entire long period of record is 159,300 acre-feet per year,
the discharge near Qakley for the period of record available near Peoa is smaller—about 139,000
acre-feet per year. The Weber-Provo Canal diversion (average for the period 50,600 acre-feet per
year) is removed from the river below this station, leaving about 88,500 acre-feet per year as the
discharge of the main river above the gaging site near Peoa. The average discharge at the station
near Peoa, however, is 107,100 acre-feet per year; the river gains 18,600 acre-feet per year
(average) between the two stations. Some of the gain is undoubtedly ground-water discharge
from the unconsolidated deposits in Rhodes Valley, but most of the gain is the discharge of
Beaver Creek; an arbitrary estimate of the contribution from Beaver Creek is about 17,000
acre-feet per year. ‘—

The gaging station on East Canyon Creek is many miles downstream from the area of this
study; less than half the drainage area of the creek above the gaging station is in the study area. It
is probable, therefore, that the average discharge of East Canyon Creek from the study area does
not exceed 15,000 acre-feet per year.

Chemical quality

All surface water from the Weber River drainage basin that was analyzed was chemically
suitable for domestic, stock, and irrigation use. Chemical analyses of seven samples of surface
water from the Weber River drainage basin are reported in table 5. All the samples are dilute
calcium bicarbonate type water. The most concentrated of the seven samples (445 mg/l) was
from Silver Creek at the old Silver King Mine near Park City. The stream at that point almost
certainly included ground water discharging from the mine tunnels, which is more concentrated
than most surface water in the area.

GROUND-WATER HYDROLOGY

Ground water in the consolidated rocks
The consolidated rocks in the Heber-Kamas-Park City area are an important element in
the total ground-water system of the area. Springs and wells that discharge water from the
consolidated rocks are the principal source of supply for water users in the mountains. Moreover,
much of the water that enters the rocks in the mountains either reappears as springs along the
margins of the valleys or moves into the unconsoclidated valley fill as recharge in the subsurface.

Water-bearing units

The consolidated rocks underlying the Heber-Kamas-Park City area range in age from
Precambrian to Quaternary. A generalized stratigraphic summary of the consolidated rocks is
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given in table 1. This is a composite section and nowhere in the area are all the formations
present. Plate 2 is a geologic map showing the areal distribution of the various rock units,

The rocks in both the Wasatch Range and the Uinta Mountains have been subjected to
considerable deformation and are greatly fractured, faulted, and folded. The most prominent
displacement in the area is the Charleston thrust fauit, which crosses the south end of Heber
Valley. Several smaller thrust faults have been mapped, and high-angle faults of small
displacement are numerous. Joints and fractures are ubiquitous, and solution openings are
common in the carbonate rocks. These openings and the faults play a major role in controlling
the movement of ground water in the area, Small folds are abundantly present, but they exert
little influence on ground-water movement

]

Water moves through the rocks along the abundant fractures, solution openings, and fault

planes, and thus any formation may be, at least locally, water bearing. In his report on the Park

City Mining District, Boutwell (1912, p. 24) observed that the water in the mines came

principally from “the red shale and massive guartzite’” (Woodside Formation and Weber
Quartzite). Officials of the United Park City Mining Co. agree that most of the water in that
company’s workings appears in tunnels that penetrate the Weber Quartzite (J. tvers, Jr., oral
commun., 1967).

In 1967, the few wellis in the project area that were finished in the consolidated rocks
derived their water from only 11 of the more than 30 geologic units under the area. The
producing formations were the Quaternary tufa deposits, the Tertiary volcanic rocks, the Knight
Conglomerate, the Preuss Sandstone, the Twin Creek Limestone, the Nugget Sandstone, the
Chinle Formation, the Ankareh Formation, the Thaynes Formation, the Oquirrh Formation, and
the Weber Quartzite. Other units, especially the carbonate rocks of Pennsylvanian, Mississippian,
and Oevonian age, yield water to springs in the area, and Feltis (1966, p. 14-17) states that in the
Uinta Basin, southeast of the study area, some water is obtained from the Park City Formation of
Permian age and from the Uinta Formation of Tertiary age. More wells in the study area obtain
water from the Tertiary volcanic rocks than from any of the other formations, probably because
the volcanic rocks are the shallowest consolidated rocks in the areas where most of the bedrock
wells are located.

Aquifer characteristics

in a broad way, for the purpose of evaluating areal movement of ground water, the highly
fractured rocks of the Wasatch Range can be regarded as a single homogeneous aquifer, and the
same is probably true of the rocks in the Uinta Mountains. On the small scale involved in
selecting sites for the development of water supplies, however, the aquifers are grossly
heterogeneous. Information from drillers’ tests of wells finished in the consolidated rocks shows
that the development of supplies of water sufficient for irrigation, industrial needs, or public
supplies from the consolidated rocks depends upon the wells intersecting water-bearing fractures.
Even in a fracture system that is properly described as *‘closely spaced,” however, the distance
between adjacent fractures may be very large compared to the diameter of & well, Hence, the
construction of wells to intercept water moving through fractured rocks tends to be a
“hit-or-miss” affair. The large discharge of water from mine tunnels near Park City should not be
taken as an indication of the potential yield of wells. Each tunnel drains many miles of workings,
whereas a well usually drains a relatively small area. Small supplies, adequate for domestic use in
single-family dwellings, can probably be obtained from several of the consolidated rock units.

Drillers’ reports of a few wells (table 3) include the results of pumping tests, generally of
only a few hours duration. The test results were evaluated by the method of Theis and others
(1963) to derive the values of aquifer transmissivity included in table 1.
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Table 1.—Generalized stratigraphic summary of the consolidated rocks of the
Heber-Kamas-Park City area '

!

Agr Formation Lithology and thickness Water-bearing properties
t
3 Calcareous tufa deposited from the water of thermal eprings. Yields some water to wells, Mhwmerons warm springs Flow
. Tuta duposits Rearly purs calcium carbonate. Very porous. Thicknese unknown, from tufa deposits, but source of watsr is probably under.
s but locally exceeds 70 feet. lying beds. Tufa appatently i perwasble and transmits weter
2 rapdfly.
Chiefly andusitic pyroclastics with some intercalated flow rocks, | Yields some water to wells, chisfly In the Parleys Park stes,
Extrusive ous pocks includes Kaetlay Volcantcs end Tibblae Formstion, Thicknese un- and to numerous small eprinps. Must of the observed springs
i certain, but raportedly may axcesd 1,000 fest. are slong fracturss or contacts. Tr-n!uhnvny satimpted
fraom drillars’ reporte as about 270 fe?/d/fe.
Includes a few small bodies of baric rocks in the Uinta Mountains | Intrusive rocks yield some watsr to mins tunnsls from fractures,
. Intrusive igneous rocks and many large masses of granitic rocks in the Wasatch Rangs. but have litrle significance ma aquilers in the area.
H Thickness unknown.
E Tuffaceous and limy beds and local conglomeratic lenses. Thick- ¥ot known to yield water in ths study area.
~ Fowkes Formation ness and stratigraphic relations uncertain, Present only in
axtreme northwestern part of the study area, s
Fluvial and lake deposite. Present only in the sxtreme south Mot known to yield water in the study ares, but reportediy
Uinta Formstion end of the study area. Thickness in the arsa unknown. supplies some wells Jocally in the Vinta Basin to the south-
east (Feltis, 1966).
Gray and reddish conglomerate in massive beds, chiefly fluvial. Yields water to & few wells in the northern parr_of the study
Xnight Conglomerate Thickness as much as 2,000 feet. area. Transmisaivity probahly Jeas than 135 fr°/d/fe,
‘E -
L -3
ré
Wanship Formation of .
-EE Barpdl:y (1952) Marine sendstone and shale. Thickness as much as 5,000 feet, Rot known to yield water in the astudy area. )
L
£° !
Echo Canyon Conglomerate Conglomerate and-conglomeratic sandstone and some shale and » Not penetratad by wells in the study area, but supplies & fow
of Esrdley (1944) few coal bads. Thickness at least 3,100 feer. springs.
Nommarine and marine sandstone, shale, and coal. Thickness Not penetrated by wells in the study srea. Probable source
. Frontier Pormation more than 2,100 feet. of a few small springs,
©
‘:’ Conglomerate and shale. Thickness as much as 1,500 feet, but Nor known to yield watar in the study area.
& Price River Formation probably less in the study area. Present only in the excreme
": south end of the area,
Aspen Shale Dark gray marine shale, Thickness about 250 feet. Do.
Continental deposits, predominantly red colored. Thickness abour | Mot penetrated by wells in the astudy area, bur supplies a few
¥elvin Formation 1,500 feet. springs.
Continental deposite, locally containing abundant dinossur re- Rot known to yfeld water in the study srea.
Morrison Pormatfon mains. Thickness uncertain, perhaps as much as 1,200 feet.
é Bormarine siltstone and sandstope. Thickness probably more Yields smsll amounts of watet to a few wells in the ares. in-
: Preuss Sandstone than 1,000 faer. sufficient dsta to estimate transmissfvity.
-
3 Light-colored splintery limestone. Thickness as much =s 2,000 Yislds wacer to several welle and eprings in the area, probahly
Twin Creek Limestone feet, from fractures and solution cgvitiea. Data suggest trane-
missivity of less then 135 fe2/7a/1t.
©
E
-
E% Crossbedded eclian ssndstone, generally sowe shade of red. Yields water to sevaral wells in the ersa. Transmissiviry
- Nugget Ssndstone Thicknese as wuch a» 1,200 feet. geun}h ow (about 65 fe2/4/fr) but locally ss high as
[ 335 frifd/fe.
"
2
Mixed Doremarine sedfments, generally red. Thickness uncertain, Yields small amounts of water to wells in the Parleys Parh
Chinle Formstion probably less than 500 feet. arsa. Transmissivity probably less than 135 fed/fd/fr.
Shinarump Member of the Fluvial sandstone and comglomerate. Thickness about 100 feet Not known to yleld water in the sty arvea.
Chinle Formation {o the study area.
£ Ankareh F cion Chiefly red siltstone, sandstone, and shale, Thickness more Yields & little water to wolls in the Parleys Patk area fram
H reh Forma than 1,000 feet. sandy beds. Insufficient data to estimate transmissiviey.
-
ol Calcarecus marine sediments. Thickness more than 2,000 feet. Yields some water to & few welle and springs, largely from
Thaynes Formation Eractures snd solution openings. Inaulficient data to sati-
wate transmissivicy.
Red siltstone, sandetone, and shale., Thickness about 500 feet. Reportediy yields water to the mine tunnels in the Park City
Woods ide Formstion ares from fractures.
Limestone, phosphorite, cherty siltstone, and shale. Thickness Not tapped by wells in the &tuly ates, but reportedly vields
Park Ciry Formation about 1,500 feet. sowe water in the Uinta Basin (Feltis, 1966).
- Light-colored crossbedded sandstone, Thickness up to 1,000 Naither of these two formatinoma ia suf(lciently extensive in
[l »
'E' Dismond Creek Sandstone feet. Present only in the extreme acuth end of the study ares, the study area to be imporcant am aquitersa. Ne wells fn the
- ares tap either formativn, hut a few small springs in the
= Dark-colored, brecciated, thin-bedded limestone. Thickness up extreme south end of the area produce water from one or bath
Kirianern Limestome to 1,600 feet, Present only ir the extreme south end of the of these faormations.
study area.
s
€T Interbedded sandsrone and limestone containing sowe shale and Yields some water to wells st wptinga, chiefly frowm fractures
e S Oguirrh Formation siltatone. Thickness &3 much as B,000 feet, but probably and molution openinga, Trenamiamivity estimated as about
= less in the study arsa. Present only south of Heber City. 270 fe3/d/fe.
EE
® c
A W
B
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Table 1.—Generalized stratigraphic summary of the consolidated rocks of the
Heber-Kamas-Park City area—continued

Age Formation Lithology and thicknass Water-bearing propert tes :
1
. Chiefly grey crossbedded sandstome. Thickneas up to 3,000 feet. Yields small amounts ©f weter te a fov wella., PFrimary psrme: :I
s ability 45 very low, but reportedly ylsida large quantities i
|3 Weber Quartaite of watar from fracturas in the mins workings near Park City. I
2 Principsl scurce of water In the mines, '
> i
s Morgan Pormst don Red sandstone and shale interfingers with the Webar Quarteite No information on water-besring propertiss in the atudy srea, ;
Fd in part. Thickness up to 1,000 faet, but primary parmesbility 15 probably Jow. i
Round Valley Limestone Light-gray merine limestona, Thickness 250-400 feet, No wells panstrate the forwation fn the etudy arsa, but ft
yielde water o mmerous springe.
i,
-
o
LH
[ 3] Marine shals, siltstons, claystons, and limestons. Thickness Rot pehetrated by wells In the ares, but supplise s fav small
EE Manning Canyon Bhele 300-500 fesat. springe.
»a
§"‘
£ !
s
5% Chiefl
y marine limestones and dolomites. Thickness from 3,000 Not panstrated by walls in the arss, but yields water from
EE m"“:o’;p.u:d':ub::“h" to 6,000 feet, fractures and solution opsnings o many springs. A mejor
- aquifer,
Iz :
x -
£
e Combrian sedimentary rocks Chllily;g;‘l)c;.:x:d quartzites. Thicknass unc-n:.ln,. probably Fot known to yield water in ths study ares.
H undivided vp to 3 -
o
H
%1 Precambrian rocks undivided Chiefly wetasediments. Thickness unknown. Watsr-bearing potantial unknown, but probably emell.
-
[
o
£ d
&

Recharge

In most of the mountainous area, the soil cover is thin and permeable, and rain or
snowmelt can infiltrate readily. The rapidity of infiltration into the rocks in the mountains is
indicated by the reports that the discharge of the mine tunnels in the Park City area increases .
noticably during the period of spring snowmelt and runoff. Moreover, observation well
(D-2-6)32bad-1, finished in the Tertiary volcanic rocks, shows small rises of water level only a
few hours after a rainstorm over the area. The water leve! in one of the nonflowing thermal
springs near Midway ({see p. 21) also rises rapidly in response to rain or snowmelt in the
mountains.

Movement

As has been indicated, water moves through the consolidated rocks readily, principally
along the abundant zones of fracturing and solution openings. The direction of movement is, in
general, downhill from recharge areas in the mountains to discharge areas near the margins of the
valleys.

Whether any appreciable amount of water leaves the study area through the consolidated
rocks is difficult to ascertain, but an unbalance of 17,000 acre-feet per year in the gound-water
budget for Heber Valley is probably due to movement out of the valley through the consolidated
rocks. The structural feature most commonly suspected of draining water from the area is the
Charleston thrust fault, which passes entirely through the Wasatch Range. Deer Creck Reservoir,
on the Provo River, lies directly across the outcrop of the Charleston and associsted Deer Creek
thrust fault {see pl. 2), and the water budget for Deer Creek Reservoir {see p. 8) indicates that
there is no loss of water from the reservoir along the thrust planes. Because there is no detectable
movement of water from Deer Creek Reservoir down the Charleston thrust fault, it is probable
that no significant amount of ground water leaves the study area along the fault.
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Discharge

The principal manmade discharge of water from the consolidated rocks in the area is
through the extensive mine workings in the vicinity of Park City (fig. 7). The amount of water
discharged by the few small-capacity wells that penetrate the consolidated rocks is only a very
small part of the total discharge. Natural discharge is through numerous springs, mostly around

the margins of the valieys, and through direct infiltration into the unconsolidated deposits in the

valleys.

The total discharge from mine tunnels is estimated as at least 60 cfs (cubic feet per
second) or 36,000 acre-feet per year. The discharge of the Spiro Tunnel, near Park City, was
reported in 1935 as about 15 cfs and “a rather steady flow" for several years (G. H. Taylgr,
written commun,, 1935). The flow of Drain Tunnel Creek, which consists principally of the
"discharge of the Ontario No. 2 Drain Tunnel, is measured at a weir about 5 miles downstream
from the mouth of the tunnel {fig. 2). The losses to evapotranspiration between the tunnel
mouth and the weir probably equal or exceed any gains from ground-water discharge to the
stream. The average discharge of Drain Tunnel Creek is 15.9 cfs (18 years of record). The
drainage from the Mayflower Mine enters Drain Tunnel Creek downstream from the
above-mentioned weir; in 1967-68 the discharge of the Mayflower Mine drainage was estimated as
about one-half that of Drain Tunnel Creek at the weir. Smalier amounts of water are discharged
from other tunnels in the area.

The water discharged from the Alliance Tunnel (quantity unknown) provides the

?Miupply for Park City; the discharge from the other tunnels is used for irrigation in

arleys Park and Heber Valley.

A large but undetermined amount of water is discharged from the consolidated rocks
through numerous springs. In 1968, the Utah State Engineer’s records included claims to water
from about 250 springs that discharge water from the consolidated rocks. The springs are nearly
all associated with fractures or solution openings. The largest springs in the area flow from
solution openings in the limestones of Pennsylvanian and Mississippian age. For example, three
springs near the mouth of Snake Creek Canyon discharged about 13 cfs from the limestones
during the summer of 1967.

An unusual hydrologic feature of Heber Valley is a group of therma! springs near the
town of Midway. Although the springs are located on the Snake Creek alluvial fan, and are
underiain in part by aliuvium, their source is deep seated and they represent discharge from the
consclidated rocks. A more detailed discussion of the thermal springs has been given elsewhere
{Baker, 1968), and they will be described only briefly here.

Most of the thermal springs do not fiow and are known locally as ““hot pots.” The typical
hot pots are small pools of warm water that occupy shallow depressions in the tops of mounds of
calcareous tufa (fig. 8). Seventeen hot pots in the area have been examined by the writer. Four of
the hot pots are artificially discharged to supply water to swimming pools at resorts, 2 pots
occasionally overflow, and the other 11 discharge water at the land surface only by evaporation,
although some thermal water may be discharged into the valley fill in the subsurface.

The temperature of the water in the 13 pots without artificial discharge ranges from 12°
to 34°C (54°94°F), and the highest temperatures are in the 2 pots that occasionally overflow.
Water temperature in the 4 pots that are artificially discharge ranges from 38° to 40°C
{100°-104°F). Addition of heated water from below to many of the pots is very slow, and the
water of a few potsisfower than that properly classified as ““thermal.”
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Figure 7.—Water discharging from the Spiro Tunnel near Park City.
Water moves from the tunnel mouth to this drainage ditch through
the pipe in the background. Discharge is about 15
“cubic feet per second.

Figure 8.—Typical hot pot near Midway. View looking east from a
point about 7 feet above the ground. The opening is about 9 feet
in diameter and the top of the rim is about & feet above the
road in the upper left corner of the photograph. Water
level is about 1.5 feet below the rim.

22



in addition to the hot pots, at least 7 thermal springs in the area flow perennially. The
discharge of these springs ranges from a few gallons per minute to about 3 cfs; the totul discharge
of the 7 springs in 1967 was about 7 cfs. The water temperature of the 7 flowing springs ranges
from 30° to 46°C {86°-144°F).

Chemical quality

Nearly all the nonthermal water from the consolidated rocks is suitable for domestic use
according to the standards of the U. S. Public Health Service (1962); the exception 15 some water
from the volcanic rocks that is high in iron. ATl the water is hard to very hard, and many residents
of the area use ion-exchange type softeners in their domestic water systems. Water from the hot
pots is too mineralized to be desirable for domestic use, and plentiful supplies of better water are
available from the springs that furnish the public supply of Midway. Even water from the hot
pots is used by livestock; and, according to the criteria established by the U. S. Department of
Agriculture (U.S. Salinity Lab, Staff, 1954), all water from the consolidated rocks in the area is
suitable to use for irrigation. Although water from the hot pots is in the high salinity hazard class
for irrigation, it can be used for salt-tolerant crops on the premeable and well-drained soils in
Heber Valiey.

Samples of water for chemical analysis were collected from 28 springs, wells, and tunnels
that tap the consolidated rocks; the analyses are included in table 5. The locations from which
the samples were collected and diagrammatic representations of the concentrations of the
principal dissolved solids in some of the samples are shown on plate 3. Four kinds of water can be
distinguished from four general sources in the consolidated rocks. Figure 9 illustrates average
analyses of samples of the four kinds of water.

Water from the sandstones and limestones of Jurassic age and older is represented by
diagram 1 (fig. 9). The water is of calcium magnesium bicarbonate type and is not highly
mineralized; the concentration of dissolved solids in 13 samples from these formations ranged
from 104 to 488 mg/l. Most samples were hard according to the classification of the U. S.
Geological Survey (more than 120 mg/l hardness), and many samples were in the very hard range
{more than 180 mg/l}. The concentration of silica was low; the samples ranged from 8.2 to 25
mg/l, but most were below 20 mg/l. The percentages of sulfate and chlioride were low {(each less
than 20 percent of the total anions), and chioride was generally slightly lower than sulfate.

Diagram 2 (fig. 9) is typical of water from the shales of Triassic age; 1 sample was
collected from a spring, 1 from a well, and 3 from mine drain tunnels. The water is of calcium
sulfate type, and generally more concentrated than that from the limestones and sandstones. The
concentration of dissolved solids in 5 samples ranged from 218 to 691 mg/l. All samples were in
the very hard range; the hardness of 2 samples exceeded 300 mg/l. Concentrations of silica ranged
from 6.3 t0 21 mg/Il.

Water from the volcanic rocks is represented by diagram 3 {fig. 9}. The volcanic rocks
vield calcium bicarbonate type water; the concentrations of 5 samples ranged from 249 to 1,020
mg/L. Four samples were in the very hard range, but water from the volcanic rocks was generally
softer than water from the shales. Concentrations of silica were much higher in these sampies
than in water from other sources in the area. The silica concentration ranged from 22 to 52 mg/I,
but only 1 sample was below 30 mg/i. The relative concentrations of sulfate and chloride in these
waters was also distinctive; the samples contained from 3 to 5 times as much chloride as sulfate.
The volcanic rocks are the only consolidated rocks in the area that yield water containing
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substantially more chloride than sulfate. One sample was very high in iron (34 mg/l}, but this
seems to be a local condition; the few other analyses indicate little or no iron in solution.

Water from the hot pots is a calcium sulfate bicarbonate type (diagram 4, fig. 9), and is
by far the most mineralized water in the area. Concentrations of dissolved solids in 10 samples of
the thermal water ranged from 1,650 to 2,160 mg/l, and total hardness ranged from 960 to 1,270
mg/l. The water is saturated with respect to calcium carbonate at normal temperatures and
pressures; calcium carbonate precipitates from samples that are allowed to stand for a few days
exposed to the atmosphere.

Ground water in the unconsolidated deposits

The principal source of water to wells in the Heber-Kamas-Park City area is the
tinconsoﬁdrated alluvial fill in the major valleys. Unconsolidated deposits in the mountains have
littTe significance as aquifers. The stratigraphy, lithology, and water-bearing characteristics of the
unconsolidated deposits are summarized in table 2. The areal distribution of the various units is
shown on plate 2.

Table 2.—Generalized description of the unconsolidated deposits in the
Heber-Kamas-Park City area

"

Age

Unit Lithology and thickness Hater-besring propsrties

Younger alluvium All beds sppaar to be lenticular end discontimuous. Thickness ranges
from 0 to about 1,000 faet. Underliss the valley floors of Reber Valley, draulic conductivity ranges from 30 to 50 ft

Rhodes Vallsy, Psrleys Park, and Round Vallay and forms low tarraces mated specific yield ranges from 12 to 15 percent.

along the margins of Reber and Rhodas Valleys. Tha two units cannot be
distinguished lithologically; the tarraces are mappad as older alluviuwe
and the vallay floors as younger alluvium, but older alluvium probably
also underlias the valley floors.

Older slluviem thass daposite.

Poorly sorted mixture of matarfal ranging in size from clay to boulders. These depotits form the bast and most productive squifers in
the study arex. Wster-table conditions prodg-lnc:e.
187822, esti-

wells and many springs tn the study ares yisld water from

Quaternary

Landslide deposits

Unsorted material ranging from clay through boulders. Thickness unknown.
Present only in a few fsolated aresasr of the mountains.

Rydrologic propcrth} unknown, but the scattered small de-
posits heve no hydrologic significance fn the area.

Glacisl deposita

Includes outwssh deposits, morains] deposits, and glacially stristed bare
ground. Prasent in the higher alevatioms of both the Wesatch Renge and
the Uints Mountains.

The smal) srestr of sorted outwash undoubredly store and
transmit some ground watar, but the glacial daporits a2 &
whole have no significance as aquifers in the study area.

Older high-Tevel grevel
surfaces of uncertain
age

Flaned surfaces underlain by thin deposits of graval. Thickness uncertain.

Presant only {n soutbasstern part of study sres.

¥o dats comncearning hydrologic characteristics, but not
significant as ar aquifer {n the study ares.

Tertiary(?)

Heber Valley

Heber Valley, on the Provo River, is the largest of the four valleys included in the study
area (pl. 1 and fig. 1). The valley floor is roughly triangular in plan and has an area of about 44
square miles. The Provo River enters the valley at the northern apex of the triangle and flows out
near the southwestern apex. Three small tributaries of the Provo River—Lake, Center, and Daniels
Creeks—enter the valley near the southeastern apex, and a fourth tributary, Snake Creek, enters
about midway on the western side of the valley. The valley floor is thickly blanketed with
unconsolidated debris, and each of the tributary streams has built a substantial alluvial fan at the
mouth of its canyon.

Two wells in Heber Valley that pass through the entire thickness of unconsolidated
material reached consolidated rocks at depths of about 310 feet. Geophysical studies, however,
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indicate that the maximum thickness of the unconsolidated deposits may exceed 800 feet locally
{see appendix, p. §7). The material is poorly sorted, and because there are no well-defined beds
of material of very low or very high permeability, the unconsolidated valley fill can be treated as
a single, essentially homogeneous, water-table aquifer.

Agquifer characteristics.—The calculated hydraulic conductivity of the aquifer in Heber
Valley is about 50 ft3/day/ftz (cubic feet of water per day per square foot), and the
transmissivity is in the range of 6,700-20,000 ft3/day/ft. These values were calculated using
values of specific capacity of wells obtained from drillers’ tests and using the value for
ground-water accretion to Deer Creek Reservoir calculated on page 8. Conventional aquifer tests

were not made because the valley contains no large-capacity wells.
?

Drillers’ reports for 35 wells in the valley include the results of pumping or bailing tests,
generally of 2 hours duration or fess (table 3}). The specific capacities determined from these tests
ranged from 0.2 to 25 gpm (gallions per minute} per foot of drawdown. Because the specific
capacity of a well is greatly influenced by the well construction—thickness of aquifer penetrated
and open to the well, method of finish, method and amount of development, and a host of other
factors—as well as the duration of the test, the largest specific capacities are probably most
indicative of the potential of the aquifer. The largest specific capacities of wells in Heber Valley
(25 gpm per foot of drawdown) were used to calculate the aquifer transmisivity by the method
of Theis and others (1963); the calculated transmissivity was about 6,700 ft3/day/ft.

The calculated ground-water accretion to Deer Creek Reservoir is 47,000 acre-feet per
year {p. 8). Using Darcy’s law in the form:

T=119.40Q/iL

where Q is the ground-water discharge (47,000 acre-feet per year), | is the slope of the water
table near the reservoir (0.02 foot per foot), and L is the length of the reservoir shoreline
adjacent to the valley fill (13,900 feet), the transmissivity, T, is calculated as about 20,000
ft3 /day/ft.

The specific yield of the aquifer material was estimated from drillers’ logs as follows:
Each logged material was assigned a value of specific yield and this value was multiplied by the
percent of the total depth logged as that material; the resulting figure was the weighted specific
yield for the given material in that hole. The weighted specific yields of all the materials reported
in each log were summed to give the average specific yield of all the material drilled. The values
of specific yield assigned to the various materials reported by the drillers were values that have
been determined largely by hydrologists in other areas and the interpretation of driliers’ terms
followed the schemes summarized by Johnson (1967, tables 17 and 24).

The specific yield of the upper 30 feet of the aquifer material was estimated from 20 logs;
the values of specific yield ranged from 8 to 20 percent and averaged about 14 percent. The
specific yield of the total thickness of material penetrated was estimated from 17 logs of the
deepest wells in the valley. The total depths of the wells ranged from 100 to 225 feet and
averaged 144 feet; the values of specific yield ranged from 7 to 21 percent and averaged about 12
percent. Accordingly, the value of 14 percent {for the upper 30 feet of the material) was used to
compute annual recharge, and the value of 12 percent (for the total thickness of the valiey fill)
was used to compute the amount of water in recoverable storage in the aquifer.
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Ground-water budget.—The ground-water budget for the valley fill in Heber Valley is
summarized as follows:

Acre-feet
Recharge:
Irrigation water and precipitation on the
valley Floor . . . . e e e e e e e e e e e 56,000
Subsurfaceinflow . ... .. .. ... . i e e e 30,00(‘)
Total recharge: 86,000
Discharge:
Net evapotranspiration loss (evapotranspil;atiOn
lessprecipitation) . . . . . . i it ittt e e e e e e e 11,000
ToDeerCreek Reservoir . . . .. .. i it it it ot ettt i e i 47,000
ToProvo RIver . . . . . i it s i e e e e e e e e e e e 11,000
Subsurfaceoutflow . . . . . .. . ... . . . e e e e 17,000
Total discharge: 86,000

The derivation of each of these values is explained in the following sections on recharge
and discharge.

In the calculations of recharge and discharge {both in Heber Valley and in Rhodes Valiey)
the assumption is made that precipitation on the valley floor is entirely consumed by
evapotranspiration. This assumption is, of course, an oversimplification; some of the precipitation
reaches the water table as recharge and some runs off as surface water. The calculated totals for
both recharge and discharge are not affected by the simplification.

Recharge.—The unconsolidated deposits in Heber Valley are recharged by precipitation
on the valley floor; by infiltration of surface water, especially water spread over the land for
irrigation; and by subsurface inflow from the surrounding consolidated rocks. The amount of
recharge derived from the infiltration of precipitation is small and probably occurs primarily
during the spring period of snowmelt. Direct infiltration of water from the Provo River is also
small; most of the time the Provo River through Heber Valley is a gaining stream and removes
water from the aquifer rather than adding water to it.

The infiltration of irrigation water is the major source of recharge to the valley fill. Most
of the valley bottom is irrigated, and because the infiltration rate is rapid, each application of
irrigation water adds considerable recharge to the aquifer. '

The average annual recharge in Heber Valley is somewhat more than the average annual
change in storage, but the difference between annual change in storage and annual recharge
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probably is not great. Hence, the average annual change in storage can be used as the budget
estimate for average annual recharge.

The average annual change in storage in the water-table aquifer is equél to the product of
the annual change in saturated thickness, the specific yield of the aquifer material, and the area
of the aquifer.

Water levels in about 25 wells in all parts of Heber Valley were measured by various
agencies, and were reported by the Provo River Commissioner, during the period 1945.60. The
Commissioners’ reports distinguish four subareas or divisions of the valley. The four divisions,
their approximate areas, and the average annual change of saturated thickness in each division for
the period 1945-60 (from the Provo River Commissioners’ Annual Reports) are tabllated below:

Average annual change

Area in saturated thickness
Division (acres) {feet)
Abowve irrigation 3,000 4.97
Midvalley 21,000 25.58
Lower valley 3,200 13.52
River bottom tands 800 7.58

The estimated average specific yield of the upper 30 feet of the aquifer materials is 14
percent; if that estimate and the tabulated figures are used in the equation, the computed average
annual change in storage in the unconsolidated deposits in Heber Valley is 86,000 acre-feet.

The principal sources of recharge to the valley fill, as stated earlier, are infiltration of
irrigation water and subsurface inflow from the consolidated rocks. Neglecting minor sources of
recharge, the approximate contribution from each of the principa! sources can be calculated from
the following data:

The total amount of water diverted for irrigétion in Heber Valley each year is reported by
the Provo River Commissioner; the average for the period 1945-60 was 87,000 acre-feet per year.

The average amount of water required by crops in the valley during the irrigation season
(May-September) can be calculated by the Blaney-Criddle method (Blaney and Criddle, 1962).
Using data published by the Utah State Engineer's office (Criddle and others, 1962} for hay and
mixed pastures in Heber Valley, the crop water requirement is calculated as 43,000 acre-feet per
irrigation season.

Part of the water required by the crops will be furnished by precipitation during the
growing season. Using data from the May-September precipitation map of Utah (U. S. Weather
Bur., 1963), the precipitation on the valley floor during the irrigation season is calculated as
12,000 acre-feet.
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So the contribution to recharge, in acre-feet, from irrigation is:

Water diverted for irrigation . ............... Cheretee e 87,000
Plus precipitation .......covvereneenernnnnns Cerear e +12,000
Total: 99,000

Lesscrop water requirements ... .. .cvevvenenernns e —43,000
Difference (available for recharge): 56,000

: ’
And the contribution from subsurface inflow, in acre-feet, is: .

Total FEChANge ...t iie it i iet e e tnnennnnennennar e 86,000
Less recharge from irrigation ..........cccieriiinnnnnnnn. -56,000
Difference ( recharge from subsurface inflow): 30,000

Movement.—The direction of ground-water movement through the unconsolidated
deposits in Heber Valley is shown by the water-table map (fig. 10). In general, the direction of
movement is toward the Provo River and downvaliey. During periods of peak stream discharge,
the direction of movement in the immediate vicinity of the river probably would be reversed.

The water-table map indicates that Snake Creek, like the Provo River, is generally a
. gaining stream in Heber Valley. The three tributaries from the east (Lake, Center, and Daniels
Creeks}, however, are losing streams. The coarse-grained fan deposits across which these streams
fiow as they enter the valley are at altitudes well above the main valley floor, and the water table
is several tens of feet below the surface of the fans (fig. 11). The increased depth to water in the
area of these alluvial fans reflects the higher altitude of the land surface; the slope of the water
table beneath the fans is about the same as the slope of the water table elsewhere in the valley
(fig. 10).

Water-level fluctuations.—The water level in wells in Heber Valley fluctuates in response
to the seasonal recharge-discharge cycle (figs. 11 and 12 and table 7). Generally the water table is
highest in late May or early June and gradually declines through the summer, fall, and winter.
The lowest level of the year is commonly reached in February or March, shortly before the spring
thaw. With the coming of the thaw and the heavy spring runoff, the water table rises rapidly, and
again reaches a high in May or June. This seasonal rise and fall of the water level is illustrated by
the graph of well (D-4-4) 14abb-1 (fig. 12).

Man's activities have somewhat altered the cycle in Heber Valley. One effect is the
intermittent addition of recharge by irrigation during the growing season. in well {D-4-4)23bcc-1
(fig. 13}, the smooth summer decline of the water level is interrupted by many small but rapid
rises, each resulting from the rapid infiltration of irrigation water applied to nearby fields. A
second effect of man’s activities is shown by the same graph—near Deer Creek Reservoir the
water level in the aquifer is controlied by the water level in the reservoir (fig. 13). Except for the
minor fluctuations from irrigation during the growing season, the graph of the water level in the
well is a subdued image of the graph of the water level in the reservoir.

Comparison of the longterm graphs with the graph of departure from normat
precipitation at Heber (fig. 12) shows that the aquifer is in a state of equilibrium, with recharge
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precipitation at Heber.

about balanced by discharge. Very wet or very dry years are reflected by unusually high or low
water levels, but the peaks of each graph cluster about an average line, and there is no indication
of a significant long-term change in water levels in Heber Valley.

Storage.—The total volume of water in storage in an aquifer can be calculated by
multiplying the total volume of the aquifer by the total porosity of the aquifer material, but such
a figure is of little value, because part of the water in an aquifer is held tightly by molecular
forces and cannot be recovered. The recoverable water in storage, that is, the volume of water
that can be removed from storage by wells, is equal to the product of the volume of the aquifer
and the specific yield of the aquifer materials. {t is difficuit to get an accurate estimate of the
total volume of alluvial fill in a valley, but the volume of water theoretically recoverable from
the upper 100 feet of the aquifer can be calculated.

Available information on the thickness of the valley fill in Heber Valley indicates that it
extends at least 50 feet below the water table under most of the valley and at least 100 feet
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below the water table under at least two-thirds of the valley. The average specific yield of the
aquifer material to a depth of 100 feet is estimated as 12 percent. Using these figures, the volume
of water theoretically recoverable from dewatering 100 feet of the unconsolidated deposits in
Heber Valley is calculated thus:

28,000 acres x 50 feet x 12 percent = 170,000 acre-feet {approximately) for the upper 50
feet and;

28,000 acres x B0 feet x 0.66 x 12 percent = 110,000 acre-feet (approximately) for the
next 50 feet;

total 170,000 + 110,000 = 280,000 acre-feet. ,

The statement that 280,000 acre-feet of water is theoretically recoverable from the upper
100 feet of valley fill in Heber Valley should not be construed to mean that it is practicable,
under present conditions, to recover all, or any substantial part, of that amount. The calculated
280,000 acre-feet of water could be removed only by dewatering the upper 100 feet of the
aquifer. However, the ground water in the valley fill and the surface water in the Provo River and
its tributaries are two parts of a system that is presently in dynamic equilibrium. Efforts to
dewater any part of the aquifer would, of course, upset that equilibrium, and would have
far-reaching effects on the system. This point is discussed in greater detail on pages 46-47.

//!eli (D-4-4)23bcc-1

Oeer Creek”
Reservoir

—
—
—
———

T

1 L I il | | ! ]

1 1 I b 1 !

>~

May lune July AUEg. Sept. Bct. Nov. Dec. tan,

1967

Feb. Mar. Apr. May
1968

Figure 13.—Water levels in well {D-4-4)23bcc-1, near the south end
of Heber Valley, and water stage in Deer Creek Reservoir.
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Discharge.—~Ground water is discharged from the unconsolidated déposits in Heber Valley
by pumping from wells, by evapotranspiration, by effluent seepage, and probably by subsurface
outfiow through the surrounding consolidated rocks.

The total volume of water pumped from wells in the valley is very small, and there have
been no drastic changes in irrigation practice for many vyears; hence the long-term
recharge-discharge regimen is fairly stable and should be in balance. The average annual discharge,
therefore, should be about 86,000 acre-feet per year.

The total evapotranspiration from Heber Valley, calculated by the Blaney-Criddle method
(Blaney and Criddle, 1962) is about 81,000 acre-feet per year. {evaporation from Deer Creek
Reservoir is not included in this amount). Part of the evapotranspiration loss is the grop water
requirement and is supplied by irrigation water and summer precipitation (p. 28 }; and according
to the assumption made on page 27, part of the loss will be supplied by the winter precipitation.
The net evapotranspiration loss from the ground-water body, therefore, is calculated as follows:

Acre-feet
Total evapotranspiration ..........vevevesvvinenannss 81,000
:; - Less crop water requirement
i (irrigation water and May-September .
Precipitation) . ......c.iiiiiiiiienrenenaann -43,000
Less October-April precipitation ..............0vc0t. -27,000
Net evapotranspiration loss of ground
Y17 - 11,000
Ground-water discharge by effluent seepage includes the accretion to Deer Creek

Reservoir {47,000 acre-feet per year, p. 8) and the discharge to the Provo River (11,000
acre-feet per year, p. 12). Ground-water discharge to the Provo River apparently occurs
throughout the length of the river in the valley.

TR )

The total discharge from the foregoing calculations is 69,000 acre-feet per year, or 17,000
acre-feet less than the average annual recharge. No direct evidence of subsurface discharge from
the velley fill has been found, but this unbalance in the recharge-discharge calculation may
indicate such subsurface discharge.

A s X

£ SN

Thus the average annual! discharge, in acre-feet, from the unconsolidated deposits is:

B .

g Net evapotranspiration 10ss .........c.cviiiiiiiinnnnn. 11,000
| ToDeer Creek RESEIVOIr .. vvovieveerneneennenennenn 47,000
H TO PIOVO RIVET & v sttt et ettt e e eneaennsns 11,000
s Subsurface OULFIOW ..o ittt iie it et 17,000
3 Total diSCharge ... vvvvvvieieerennnaaneaerseens 86,000
3
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Chemical Quality.—All the water sampled from the unconsolidated deposits in Heber
Valley was chemically suitable for domestic use, according to the standards of the U. S. Public
Health Service, although 2 samples of sulfate type water and 1 sample of mixed type were
somewhat above the optimum in dissolved solids, and all samples were hard to very hard. The
water is satisfactory for stock or for irrigation.

Chemica! analyses of 10 samples of water from the unconsolidated deposits in Heber
Valiey are reported in table 5. The locations from which the samples were collected and
diagrammatic representations of the concentrations of the principal dissolved solids in some of
the samples are shown on plate 3.

Seven of the 10 samples were calcium bicarbonate type water, with dissolved soligls
ranging from 187 to 446 mg/l. The hardness of the 7 samples ranged from 144 to 324 mg/l, in
the hard to very hard range. Silica concentration ranged from 12 to 43 mg/l; the samples that
were high in silica came from the east side of the valley, where the rocks forming the valley wall
are predominantly volcanic.

Two of the 10 samples were calcium sulfate water, and both contained more dissolved
solids than the calcium bicarbonate water. One of these samples came from a wel! at the north
end of the valley, very near the outcropping of the Triassic shales, and the water was similar to
that found in the shales (diagram 2, fig. 9). The concentration of dissolved solids of this sample
was 727 mg/l and the hardness was 464 mg/l. The other sample of sulfate type water came from a
well near Midway. That well taps a layer of gravel overlain by tufa, and the water is similar to
water from the hot pots, but more dilute. The sample contained 1,160 mg/i dissolved solids, and
the hardness was 770 mg/I.

One of the 10 samples was a calcium bicarbonate sulfate type water. That sample came
from a shallow dug well in the tufa deposits near Midway, and the water appears to be a mixture
of hot pot type water and the dilute calcium bicarbonate type water commonly found in the
valiey fill. The concentration of dissolved solids in the sample was 661 mg/l and the hardness was
434 mg/l.

Rhodes Vailey

Rhodes Valley, the second largest of the four valleys in the study area, is nearly
rectangular in plan, with the long axis of the rectangle oriented about north-south {pl. 1 and fig.
1). The area of the valley floor is about 39 square miles. The Weber River flows westward across
the north end of the valley, entering and leaving through narrow canyons. The principal drainage
of the valley is by Beaver Creek, which enters the valley from the east near the south end, flows
northwestward, and joins the Weber River where that stream leaves the valley. At the south end,
Rhodes Valley terminates in a bluff that overlooks the Provo River.

The alluvial fill deposited in Rhodes Valley by the Provo River {see p. 5-7) is probably
more than 300 feet thick under most of the valley. In addition, a sizeable alluyial fan has been
formed where the Weber River enters the valley, and smaller fans mark the mouths of Beaver
Creek Canyon and Hoyt Canyon.

When the upper Provo River changed course, the stream entrenched itself in its former
valley floor. Thus nearly 100 feet of unconsolidated material is exposed in the north side of the
Provo Canyon at the south end of Rhodes Valley {fig. 14a). The material is poorly sorted and
only weakly stratified (fig. 14b).
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‘fotal evapotranspiration {Blaney-Criddlemethod) .. ............. 72,000
Less crop water requirement (irrigation and May-

September precipitation, frompage 37} .. ... ... ... ...... —40,000
Less October-April precipitation from precipitation

MapR, Pl 2) & o et e e e e e e e e e e e e e e —22,000
Net evapotranspiration lossof ground water: . . ... ... .......... 10,000

Long-term discharge records of the streams traversing the valley, from which
ground-water discharge by effluent seepage could be calculated, are not available. Most of the
valley bottom bordering Beaver Creek is marshy and contains abundant springs and seeps; most
of the ground-water discharge to streams probably goes to Beaver Creek. A few springs are found
in the bluff overlooking the Provo River, and the Provo is generally a gaining stream in the reach
between the gaging stations near Woodland and near Hailstone (p. 10). The estimated minimum
average annual discharge to Beaver Creek, Weber River, and Provo River is 12,000 acre-feet per
year.

Chemical quality.—Chemical analyses of two samples of water from wells that tap the
unconsolidated deposits in Rhodes Valiey are reported in table 5. Both samples were dilute
calcium bicarbonate type water. One sample, from a well near the south end of the valley and
very near an outcropping of the Tertiary volcanic rocks, contained 288 mg/l dissolved solids. This
water was relatively high in silica (40 mg/l) and contained about equal concentrations of sulfate
and chloride {14 and 13 mg/l, respectively). The water is evidently affected by recharge from the
nearby volcanic rocks.

The second sample of water was from a well near the north end of the valley, distant
from the volcanic rocks. This water contained 205 mg/! of dissolved solids, was low in silica (5.5
mg/1}, and contained about four times as much sulfate as chioride (13 and 3.9 mg/i, respectively}.
Subsurface recharge that affects this water comes from the sandstones and limestones of Jurassic
age and older.

These two samples are probably typical of the water from the unconsolidated deposits in
Rhodes Valley. The water, although hard, is quite suitable for domestic, livestock, and irrigation
use,

Parleys Park

Parleys Park is the name given to the broad, gently rolling flat north of Park City {see pl.
1 and fig. 1). A ridge of low hills, extending east-northeast from Quarry Mountain, divides the
south end of the park into two arms. The narrow eastern arm is the valley of Silver Creek, which
heads in Empire Canyon south of Park City, flows around the east side of Quarry Mountain,
continues northeast, and joins the Weber River about 2 miles north of Wanship Dam. The wider
western arm and the broad flat north and west of the hills drains to East Canyon Creek. East
Canyon Creek rises in the mountains north of Parleys Park and flows through the northern part
of the park, collecting the water of several small streams that flow generally northward through
the park. The creek then turns northward through a narrow canyon and joins the Weber River
about 20 miles north of Parleys Park.
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Unconsolidated deposits cover only about 21 square miles of Parleys Park along Silver
and East Canyon Creeks and in the flats northwest of Quarry Mountain (pl. 2); the rest of the
park is underlain by consolidated rocks, principally the Tertiary volcanic rocks and the Knight
Conglomerate. Little information is available about the thickness of the unconsolidated deposits.
The contact between the unconsolidated material and the underlying volcanic rocks or Knight
Conglomerate is difficult to recognize in boreholes, and drillers often fail to recognize the
contact. The differences in density between the unconsolidated deposits and the underlying
material are too small to give conclusive results by gravity methods. The best information
:vallable suggests 8 maximum thickness of about 100 feet and an average thickness of about 60

eet

PSS

The unconsolidated deposits in Parleys Park, as in Heber Valley and Rhodes Valley,
consist of a poorly sorted mixture of material ranging in size from clay to cobbles. There appear
to be no well-defined beds of material of very high or very low permeability, and no indications
of the existence of artesian conditions. The unconsalidated deposits are saturated to within a few
feet of the land surface with unconfined ground water.

e ———————

There are very few wells in the unconsolidated deposits of Parleys Park to provide a basis
for estimating the transmissivity and specific yield of the aquifer. The specific capacity of one
well is reported as 20 gpm per foot of drawdown; such a specific capacity suggests an aquifer
transmissivity of about 4,670 ft3/d/ft. The aquifer at the well location is about 100 feet thick,
giving an estimated hydraulic conductivity of about 50 ft3/d/ft2 —about the same as the value
derived for similar material in Heber Valley. The few drillers’ logs available are not suitable for
calculating specific yield by the method used in Heber Valley and Rhodes Valley; however, an
estimate of 15 percent, based on the values derived in the other areas, is probably in the right

range.

Recharge to the unconsolidated deposits in Parleys Park comes primarily from the direct
infiltration of precipitation_on the park and runoff from the surrounding mountains, and

secondarily from subsurface inflow through the consolidated rocks, Available data on the annual

range of water-level fluctuations are too scanty to permit a direct estimate of the average annual
recharge. The probable minimum recharge is indicated by the estimated evapotranspiration (see
below).

The inferred direction of ground-water movement in Parleys Park is shown in figure 17.
Water in the eastern arm of the park moves toward Silver Creek and down the valley. in the
western arm of the park, ground water moves generally northward toward East Canyon Creek.
Each of the small tributaries of East Canyon Creek that crosses the park is a gaining stream,
however, and locally ground water moves toward each of these streams.

The water-level fluctuations in well (D-1-4)31bdb-1 were observed from 1936 to 1948;
the well was destroyed in 1948. Well (D-1-4)31adb-1 was monitered by an automatic water-leve!
recorder that was installed in October 1966 and operated intermittently through 1968. Graphs of
water levels in these wells are shown in figure 18. The short-term record of well (D-1-4}31adb-1
shows annual fluctuations of more than 17 feet, but the longer record of well {D-1-4)31bdb-1
shows no substantial long-term change in the position of the water table.

Any calculation of the amount of water available from storage in the unconsolidated
deposits of Parleys Park can be only a rough estimate. The maximum depth to water recorded in
well {D-1-4)31adb-1 was nearly 20 feet; if the average thickness of the unconsolidated deposits is
60 feet, the average saturated thickness (when the water table is lowest) is about 40 feet. If the

42



T

o TR g O S A

SR TE

ey

BB BT R TR PRI B £ RS, TR ™

ok S

L

R 3 E. R4E R & E.
~ ~_7r s
‘! i, = : ,./y\
BN -; +
. i [N -
[ ! !l\
. ! =
X ’1:7) ' ¢
A (% i +
~ : S
N .
\\a” : 3
\\\ ( E
\‘( .';’/: - . /’
Jom~ ok ‘
T g ‘i T;\_, -
AN 2 N
1 . T
) } ‘) ) ‘0
S SR
g ~
o SRR
- Oy
- A %
: |’,
T i s
2 \ ;/\, “".'.7
s . \'v\\ crv O
R 3 E R 4E

Bzase from U S Geological Su:vey
1.250 000 (AMS) serrec. Sait Lake
C:ty, Uteh Wyoming (1852

EXPLANATION

_—
Approximate direction of ground-water movement

—tdi iy

Boundary of unconsolidated deposits

Figure 17.—Map of Parleys Park showing approximate direction of ground-water

movement through the unconsolidated deposits.

43



1N FEEY BELOW LANMD SURFACE

DEPTH TD WATER,

20

22

(b-1-4)3120b-1
L i il s i | i L ] A - | I

1968 1887 1968

T T i T T 1 T 1 T T T R

(D-1-4)31dbd-1\
i ! L .l 1 i A ] 1 L 1 1

1948

¥el) desatroyed,

1838 1837 1838 1839 1940 1941 1942 1843 1844 1845 1648 1847

Figure 18.—Graphs of water levels in wells tapping the unconsolidated
deposits in Parieys Park.

saturated thickness is 40 feet, the area 21 square miles {about 13,000 acres}, and the specific
yield 15 percent, the volume of recoverable water in storage is about 80,000 acre-feet. As in the
other calculations of storage, this volume of water is theoretically recoverable by dewatering the
aquifer; dewatering the aquifer, however, may not be practicable in the foreseeable future.

The combined discharge from wells and discrete springs in the unconsolidated deposits in
Parleys Park is small. Large seeps or marshy areas are common in the park, however, especially
during the summer months; and these areas discharge large quantities of ground water by
evapotranspiration. The total evapotranspiration from the park is calculated by the
Blaney-Criddie method as 43,000 acre-feet per year based on air temperatures measured at Park
City during the period 1921-50. Ground water is also discharged directly to Silver Creek and to
East Canyon Creek and its tributaries; all the streams in the park appear to be gaining streams

most of the year. It is possible that water also moves from the unconsolidated deposits into the .

consolidated rocks at the north end of the park.
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ecology and environment, inc.
4106 EAST FLORIDA AVENUE, SUITE 360, DENVER, COLORADO 80222, TEL. 303-757-4884

international Specisiists in the Environmental Sciences

TO : FILE

FROM : Jeff Holcomb, E&E FIT Engineer f}% Hleats

DATE July 12, 1985
SUBJECT: Richardson Flat Tailings

The files pertaining to United Park City Mines at the State of

Utah Department of Health Water Pollution Board contained information
on the tailings deposited at Richardson Flat. The tailings were
piped from the Ontario Mine Shaft south of Park City at a rate

of 63 gallons per minute. This information is in the NPPES permit
section files and can be obtained by contacting Mr. Steve McNiel

of the Water Pollution Board.
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ecology and environment, inc.
4106 EAST FLORIDA AVENUE, SUITE 350, DENVER, COLORADO 80222, TEL. 303-767-4984

International Specialists in the Environmenta! Sciences

TO : FILE

FROM : Jeff Holcomb ‘P4 Pl At

DATE : July 12, 1985
SUBJECT: Waste Quantity, Richardson Flat Tailings

In a telephone conversation between Jeff Holcomb, Ecology and
Environment, Inc., and Kerry Gee, Geologist/Engineer, United Park

City Mines, the following information was provided by Mr. Gee:

— the estimated quantity of waste or tailings material at

Richardson Flat is in excess of 2 million tons

-~ depth of the tailings varies from O to 10 feet

recycled paper
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Vanadium I £Z0 | vl 270 | A A v 4 A
Zinc A 1970 | A B/2 | T A A A A
TASK 3 METAL
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analytical backlog:

EXPECTED DATE OF COMPLETION:

Were RCRA/CERCLA approved analytical methods used throughout?
YES X NO If No, explain:

Did Quality Control for all samples meet laboratory acceptance criteria:
YES X _NO__. If No, explain:

What corrective actions were taken:

Any unusual characteristics of sample(s) Color, Turbidity, Sediment, Odor,
Phase Separations: YES NO . If No, please explain

_NC‘ ad VL EL Sl ‘J LLJ' ye (L{r < 3)’\1 =

Were samples collected properly Correct container type,: Preservation, tags
properly filled out and attached: Containers clean proper volume: Container
lekage, etc. YESZE mer NO X ... If No, explain:
Ve % A A 3 - '-fhv{ —__Snion .:J«g.r;ria

Did laboratory receive adequate advance notice of sample arriving?: Completed
LSR Forms with expected dates, stations, parameters?: YES X NO .
If No, explain:

Were LSRs arriving with samples adequately filled out. Liquid and
semi-solid/solid samples on separate LSRs. A1l parameters individually listed
except p.p. organics (grouped). YES X NO If No, explain:

Other Comments:
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eon v % Y /97 | 93 (vl9es || 23y
Cet e |k v’ \/ APEEIZE IS 24000 | v \Jﬁa’l‘_‘) v 35_//6’70
Lo s v v 4 | vsy | w3y (v 72y (VY] 602
Loy A A A Al o -] o0 [v]os7 vl o
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7.33 7.54 747 7L
J 2| =X (‘] Ao X
J £ (.’l,*l ‘;\":J} o r’,”?i;’




ENVIRONMENTAL PR

REGION VIiI, DEN{

ION AGENCY
COLORADO

LABORATORY SERVICES REQUEST
PROJECT NAME /¢ 4, Vosan [ledt Tav b, e

*»/hT)'

21
”
PROJECT CODE ﬂ:ﬁ”_ CAMPLES COLL avi/_'y.&_f pate_{e /20 J£5 ¢

SAMPLES RECEIVED AT LABORATORY BY DATE _ DATA REVIEWED BY
STATION CODE FT!W, [L'r‘fw'l R 33 g T -(U"\,
SAMPLE COLL. TIME Juss” 12495 Jid Jo2s”
(/2]
~| STATION DESCRIPTION . e — .
= Sl -2 Sw-/ StV-de | H0- 3 yw-if
i Fel
=] AND REMARKS ﬁq/{ oL e flein-calis?| < Zaf:
:)n-: g+ tm Nuano P CW;L i ,L' () 4D -~ 5 s, i I Y 5,
- L e 2 *5(0-5' q-"- asy :;J//"{“ ) o f v, -locgi”
i L S ST S e
b‘sﬁ'b Sva mw L-Aamnm‘_& b A:Jaj ol { b/";‘- -
i > fotoot 77 ~ } .
CODE PARAMETER 0\l ) pirprted BF | boirrtres (KA v S J—-;—%J
2 pdy /Mo);.icl.al v 4 \ Vi /20 S| L2 (v U0 A 254
’ o v vi \ v [ I e e e N -
Solaniim v \ % \ v Vivi zs (Y ¢s (vl zs |l 25
Silver v \ v v Vvl ¢z |V 2s (vigs ol es
CLunun v \ v v\ \ VI31 700 | /| d560n |V 25R00 | | 36500
e i v \ v / A 2100 |7 00 | ) Lo | L4
1 v \ v v \ -------------- e Bt . B |~ -
Varicui 4 \ v v/ A/O v A/O //(> L/O
Zine v vV v XE90 /6 SO 2730 250
IR > |- ,
Lo v v | XHpl ApsL Klope
SELGEL v L
Sl v -'\ \/ \\’ QB‘! o s (Y v 210 ~— 218
. Chloride \ 7 a7 28 <N
AN results In mg/? untess otherwise Indicated, heavy matals in ug/1, pH In units, turbidity In JTY, ep ductance ins mhosicm, as per BTORET. % GPO: 1979-660-570 Ragea-012
/ 133 T4 {1 ~ J«n:.nm
. / ' _ 2
#&" C (if; - H °C =



---------

s

= - =

ENVIRONMENTAL PR@ION AGENCY
REGION Vill, DEN

LABORATORY SERVICES REQUEST

N7 T.) ”
prOJECT CODE /(¥ 8277

PROJECT NAME_Z} fraad ey £t Ty Z?’

"COLORADO

SAMPLES COLL. 8Y

Cpr |

‘5.‘*/,,”,“17; oArE_Qlujs.._- (ol

SAMPLES RECEIVED AT LABORATORY BY DATE OATA REVIEWED 8Y
STATION CODE p’)'* {o-b Ry~ 56«7
SAMPLE COLL. TIME IsrS J67°
N
2’ STATION DESCRIPTION
- —
Z So-6 So-1
: AND REMARKS ,
7 R pid -
:(J _f / " /ﬂr
E L 'ﬂ&"o 44‘//‘,-. 33
b 185 b-la-¢s
CODE PARAMETER
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Irun - /SY000 | /| JoécD
Lecu 4 70/0 /7 85—30
Co TS e /| 3960 ~1/13/00
oot cineye / 5_/0 5_/4;'0
Loreury “1ol{ || 0.50Q
Allmu;. In mg/1 uniess ofherwise indiceled, heavy melats in ug/t, pH In units, turbidity In JTU, spacific condi Ingi mhos/cm, as per STORET. #* GPO: 1979-680-570 ROEPA-012
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Iy 7 i anic v 27 v /2 A 5B |~ AZ200 | A /500
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

c{ REGION vill

ONE DENVER PLACE — 999 18TH STREET — SUITE 1300
DENVER, COLORADO 80202-2413

0CT & 1885

Ref: 8ES

Ecology and Environment, Inc.
4105 E. Florida Avenue, Suite 350
Denver, Colorado 80222

Attn: Susan Kennedy
Dear Susan:

As we discussed in our October 3 telephone conversation, I am providing
you with a partial release of data for Richardson Flats Tailings.

Included are: total metals, dissolved metals, cyanide and sulfate
analyses for four ground water stations; mercury and percent solids for six
soil stations. The samples were taken August 2 and were analyzed for cyanide
on August 27, which did exceed the fourteen day holding time.

Yet to be completed are: total metals for the six soil stations. These
results should be available around October 8. At that time, we will provide a
full, final data package to you that will supersede this partial release.
Please call me if you have any questions.

Sincerely,

%-ﬁ k .\Baww

Joan K. Barnes, Acting Chief
Analytical Support Branch

Enclosures

cc: Keith Schwab (W/0 Enclosure)
- Kelsey Land (W/0 Enclosure)
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